The properties of bigeye snapper surimi gel as affected by gellan (GL) at different levels (2-6% based on solid content of surimi) in combination with calcium chloride (CaCl 2 ) at various concentrations (25-75 mmol kg À1 ) were examined. The breaking force, hardness and whiteness of surimi gel increased but the expressible moisture content decreased as both levels of GL and CaCl 2 increased (p < 0.05).
Introduction
Surimi is a concentrated myobrillar protein, and mainly produced from washed sh mince, in which cryoprotectants are commonly added to stabilize proteins during frozen storage. Surimi has been known to undergo gelation, which is its major functional property. Firstly, dissociation and unfolding of myobrillar proteins take place. Subsequently, unfolded proteins undergo aggregation as induced by heat, in which a three-dimensional gel network is formed.
2 Surimi products were rstly produced in Japan, but they have become popular in many parts of the world. Those products include sh balls, sh cakes, crab meat analogues, etc. 3 The prime factor in achieving the desired texture is the gel-forming ability of myobrillar sh proteins. 4 The textural property of gel is the most important attribute, which determines the price of surimi. Additionally, it is associated with consumer acceptability of surimi-based products. To improve the properties of the resulting gels, a number of additives with different functions have been used in surimi. Some additives are used to retard proteolysis, 5 while protein cross-linkers such as microbial transglutaminase 6, 7 or phenolic compounds 8 have been added to strengthen the gel network of surimi. Moreover, some hydrocolloids such as curdlan, pullulan, carrageenan, pectin, etc. have been employed to strengthen surimi gels. [9] [10] [11] [12] Gellan is the latest biopolymer available on the market and it has been used by the food industry as gelling agent. 13 Gellan is the anionic polysaccharide produced by the microorganism, Pseudomonas elodea. It consists of repeat units of b-D-glucose (DGlc), b-D-glucuronic acid (D-GlcA) and a-L-rhamnose (L-Rha) in a molar ratio of 2 : 1 : 1.
14 During gelation, gellan is converted from a disordered i.e. random coil conformation to ordered form. When hot solutions are cooled, double helix structures are formed, primarily through intramolecular interactions. 15 In the presence of gel promoting cations, especially divalent cation (Ca 2+ ), the double helices form cation-mediated junction zones, in which the strong gel networks can be developed. 16 Due to the gelling ability of gellan, it has been used in protein-based gels including sh gelatin and myobrillar proteins. The addition of gellan at 2.5% in combination with CaCl 2 up to 6 mmol kg À1 into sh gelatin had no negative effect on sensory property of mixed gels but could increase gel strength and gelling points.
Recently, has reported that gellan, prepared as suspension, at 6% could improve gel strength of bigeye snapper surimi gel with the highest acceptability as indicated by the increased breaking force and the highest overall likeness score. 19 Setting phenomenon has been known to enhance gel strength of surimi. TGase play an important role in formation of 3-(g-glutamyl) lysine linkage during setting. 7 Nevertheless, surimi from some sh species has poor setting, due to the lower levels of TGase.
1 To tackle such a problem, microbial TGase (MTGase) has been used. 20 Incorporation of divalent cation into surimi in the presence of gellan could be a promising means to improve the gelling property of surimi. Gellan can gel as induced by Ca 2+ . 21 Simultaneously both gellan gel formed and Ca 2+ are able to strengthen the surimi network. Ca 2+ can induce protein cross-linking mediated by TGase and via Ca 2+ bridge.
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The use of gellan, particularly in the presence of Ca 2+ , could be a promising means to improve the property of surimi gel, especially those with poor gelling property associated with low setting phenomenon. Therefore, the present study aimed to investigate the effect of gellan in combination with calcium chloride on the gel properties of surimi gel from bigeye snapper in the absence and presence of TGase.
Materials and methods

Materials
Food-grade low acyl gellan was purchased from CP Kelco (Atlanta, GA, USA). Frozen surimi from bigeye snapper (Priacanthus macranthus), Grade A, was obtained from Man A Frozen Foods Co., Ltd. (Songkhla, Thailand) and kept at À20 C until use but not longer than 2 months. Surimi had a moisture content of 75% (w/w) as determined by an oven method. 23 
Preparation of gellan (GL) suspension
GL (1, 2 and 3 g) was dispersed in distilled water at a GL/water ratio of 1 : 15 (w/v). Ultrasound was applied using an ultrasonic processor (Sonics, Model VC750, Sonica & Materials, Inc., Newtown, CT, USA) at an amplitude of 40% for 4 min with a constant frequency of 20 kHz AE 50 Hz and high intensity power of 750 W.
Study on impact of GL and CaCl 2 at different levels on properties of surimi gel
Frozen surimi (200 g) was partially thawed at 4 C for 2-3 h until the core temperature reached 0-2 C. The surimi was chopped into small pieces and mixed with 2.5% salt in a mixer (Panasonic, Model MK-5087M, Selangor, Malaysia) for 2 min. During chopping, the temperature was maintained below 10 C. The paste was added with gellan suspension to obtain the nal GL levels of 0, 2, 4 and 6% (based on surimi solid content). The moisture content of all surimi paste was adjusted to 80% with cold distilled water. Calcium chloride (CaCl 2 ) was added to the paste to obtain the nal different concentrations (0, 25, 50 and 75 mmol kg À1 paste). Subsequently, the mixture was chopped for another 3 min and the paste was stuffed into a polyvinylidene chloride casing with a diameter of 2.5 cm. The casing containing paste was sealed tightly and subjected to the incubation at 40 C for 30 min, followed by heating at 90 C for 20 min. Thereaer, all gels were cooled in iced water for 30 min and stored at 4 C for 24 h prior to analyses. Gel samples, added with the same level of CaCl 2 , were also prepared and referred to as the controls.
Analyses
2.4.1 Breaking force and deformation. Breaking force (gel strength) and deformation (deformability) of surimi gels were determined using a texture analyzer (Model TA-XT2, Stable MicroSystems, Surrey, UK) as described by Benjakul et al. (2001) . 24 Cylindrical gel samples (2.5 cm in height) were prepared and equilibrated at room temperature (28) (29) (30) C) for 30 min before analyses. A spherical plunger (diameter 5 mm) was pressed into the cut surface of a gel sample perpendicularly at a constant depression speed (60 mm min À1 ). The force to puncture into the gel (breaking force) and the distance at which the plunger punctured into the gel (deformation) were recorded.
Texture prole analysis.
Gel samples were subjected to texture prole analysis (TPA) following the method of Buamard and Benjakul (2015) . 25 A texture analyzer (Model TA-XT2, Stable MicroSystems, Surrey, UK) with a load cell of 50 kg and a cylindrical aluminium probe (diameter 50 mm) was used. The samples were placed on the instrument's base and the tests were run with two compression cycles. TPA textural parameters were measured with the following testing conditions: crosshead speed of 0.5 mm s À1 , 50% compression of the original sample height, and a time interval between the rst and second compression of 10 s. Hardness, cohesiveness, springiness, chewiness and gumminess were calculated from the force-time curves. 2.4.3 Expressible moisture content. Gel samples were measured for expressible moisture content according to the method of Chanarat et al. (2012) . 20 Cylindrical gel samples (2.5 cm diameter and 5 mm height) were weighed accurately (X). Three pieces of Whatman lter paper No. 1 (Whatman International Ltd., Maidstone, UK) were placed at the bottom of sample, while two pieces were covered on the top. A standard weight of 5 kg was placed on the top of the sample for 2 min. Aer being removed from the papers, the samples were weighed again (Y). Expressible moisture content was calculated as percentage of sample weight by the following equation:
2.4.4 Whiteness. Whiteness in all gel samples was measured using a colorimeter (HunterLab, Colorex, Hunter Associates Laboratory, VA, USA). L*, a* and b* values indicating lightness/brightness, redness/greenness and yellowness/ blueness, respectively, were measured and recorded. Whiteness was then calculated using the following equation:
2.4.5 SDS-polyacrylamide gel electrophoresis (SDS-PAGE). Protein patterns of surimi paste and gels were analyzed by SDS-PAGE under the reducing condition according to the method of Laemmli (1970) . 27 To solubilize the proteins in gel samples, nely chopped samples (3 g) were added with 27 mL of heated SDS solution (85 C). The mixture was subsequently homogenized at a speed of 11 000 rpm for 2 min using a homogenizer (IKA, Labortechnik homogenizer Selangor, Malaysia). To dissolve total proteins, the homogenate was incubated at 85 C for 1 h. The mixture was centrifuged at 3500 Â g for 20 min to remove the undissolved debris. Protein concentration of the supernatant was determined by the Biuret method 28 using bovine serum albumin as standard. The samples (15 mg protein) were loaded onto the SDS-PAGE gel, which consisted of 10% running gel and 4% stacking gel. Aer separation, the proteins were stained with 0.02% (w/v) coomassie brilliant blue R-250 in 50% (v/v) methanol and 7.5% (v/v) acetic acid and destained with 50% methanol and 7.5% (v/v) acetic acid, followed by 5% methanol (v/v) and 7.5% (v/v) acetic acid.
2.4.6 Sensory property. Surimi gels added with GL at 0, 2, 4 and 6% in the absence or presence of CaCl 2 at a level of 75 mmol kg À1 were examined. Gel samples were cut into a bitesize (1 cm thickness and 2.5 cm diameter), equilibrated at room temperature (28-30 C) for 30 min and coded with 3-digit random numbers. Samples were kept in plastic cup with the cover before the sensory evaluation. Fiy non-trained panelists (aged between 20 and 45), who were the students and staffs at Department of Food Technology and were accustomed with surimi products, were asked to evaluate for appearance, color, odor, rmness, springiness, taste and overall liking of gel samples using 9-point hedonic scale. 29 Gel samples were served at room temperature under the uorescent daylight-type illumination. Between samples, panelists were asked to rinse their mouth with drinking water at room temperature. . The preparation of surimi gels was performed as previously described.
Gels were subjected to analyses of breaking force, deformation, expressible moisture content, whiteness and protein pattern as described previously. Additional analyses including dynamic rheology and microstructure were also performed.
2.5.1 Dynamic rheology. Surimi pastes were prepared as previously described and then subjected to dynamic rheological measurements as per the method of Singh and Benjakul (2017) . 31 A controlled stress rheometer (HAAKE RheoStress1, ThermoFisher Scientic, Karlsruhe, Germany) with 35 mm parallel plate geometry was used for monitoring the changes in storage or elastic modulus (G 0 ). The measurement was performed at a constant frequency of 1 Hz and an amplitude strain of 1%. This condition yielded a linear response in the viscoelastic region. The temperature sweep was recorded during heating from 10 to 90 C, where the heating rate of 1 C min
À1
was used. Silicon oil was applied to cover the samples in order to minimize water evaporation of surimi pastes during measurement. 2.5.2 Microstructure. Microstructure of gel samples were examined using a scanning electron microscope (SEM). The samples with a thickness of 2-3 mm were xed with 2.5% (v/v) glutaraldehyde in 0.2 M phosphate buffer (pH 7.2) for 3 h at room temperature, followed by rinsing with distilled water. Fixed specimens were dehydrated in ethanol with serial concentrations of 25, 50, 70, 80, 90, and 100%. Samples were critical point dried using CO 2 as transition uid. The prepared samples were mounted on a bronze stub and sputter-coated with gold. The specimens were visualized using SEM (Quanta 400, FEI, Eindhoven, the Netherlands).
Statistical analysis
All experiments were run in triplicate. Data were subjected to analysis of variance (ANOVA). Comparison of means was carried out by the Duncan's multiple range test. 32 Statistical analysis was performed using SPSS for Windows (SPSS Inc., Chicago, IL, USA). Data with p < 0.05 were considered to be statistically signicant.
Results and discussion
3.1 Textural and physical properties of surimi gel as affected by gellan and CaCl 2 at various concentrations 3.1.1 Breaking force and deformation. Breaking force is one of the most important properties of surimi gels and the application of gel is generally governed by this value. When comparing the breaking force of all samples, the control gel (without GL and CaCl 2 ) had the lowest breaking force (317 g) (p < 0.05). In the absence of CaCl 2 , breaking force of resulting gels increased as the level of GL increased (p < 0.05) (Fig. 1A ). Gellan plausibly acted as an active ller, which was able to interact with surimi proteins to form the stronger network as evidenced by the increased breaking force. Protein-hydrocolloids interactions mainly occur via electrostatic interaction between opposite charges between proteins and hydrocolloids. 33 Carboxyl group of GL might undergo ionic interaction with the positively charged residues of myobrillar proteins, thereby leading to the strengthened gel network. Without GL added, breaking force of surimi gels increased when the concentration of CaCl 2 increased (p < 0.05). Ca 2+ could form salt linkages between negatively charge localized on two adjacent proteins. 22 In addition, Ca 2+ could activate endogenous transglutaminase (TGase) in surimi. TGase can catalyze the acyl transfer reaction between g-carboxyamide groups of glutamine and 3-amino groups of lysine, resulting in the formation of 3-(g-glutamyl) lysine cross-linkings and stronger gels. 30 Similar trend was observed for all surimi gel added with GL at all levels, in which the higher breaking force was obtained with increasing CaCl 2 levels (p < 0.05). However, at higher level of GL, breaking force of resulting gel was higher (p < 0.05). Among all gel samples, surimi gel containing 6% GL and 75 mmol CaCl 2 kg À1 had the highest breaking force (706 g) (p < 0.05), in which breaking force was increased by 122%, compared to that of control (without GL and CaCl 2 ). The result indicated that the concentration of CaCl 2 had the profound impact on gel property of surimi gel containing GL. Theoretically, gelation of gellan was induced by cations. Calcium ions promote the aggregation process by sitebinding between pairs of carboxyl groups on neighboring helices to give structures analogous to the "egg box" junctions as proposed for calcium induced gelation of alginate or pectin.
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It was noted that the addition of GL in combination with CaCl 2 had no effect on deformation of resulting gel (p > 0.05), except for gel containing 6% GL. The addition of CaCl 2 up to 75 mmol kg À1 resulted in the continuous decrease in deformation (p < 0.05) (Fig. 1B) . Thus, deformation of resulting gel was not much affected by incorporation of GL and CaCl 2 when the appropriate levels of both additives were used. Excessive strong bonding or interaction in network could lead to the loss in exibility of gel, as indicated by the decreased deformation. Some hydrocolloids have been employed in surimi in conjunction with salts. Eom et al. (2013) reported that the addition of k-carrageenan into Alaska pollock surimi increased breaking force and gel strength of surimi gels. 35 Gels with 1% k-carrageenan and KCl had the highest breaking force and gel strength. Furthermore, Hunt and Park (2013) also studied the impact of rened iota-and kappa-carrageenan (0.25-1.0%) in Alaska pollock sh proteins as affected by various salts (NaCl, KCl or CaCl 2 , at 2%). KCl and NaCl in combination with kappa-and iota-carrageenan could increase gel strength and water retention ability of sh protein gel. Table 1 . Hardness of surimi gel generally increased with increasing GL content (p < 0.05), regardless of CaCl 2 levels. At the same level of GL, hardness of resulting gels increased as the concentration of CaCl 2 increased (p < 0.05). The highest hardness (68.16 N) was found in gel containing 6% GL and 75 mmol CaCl 2 kg À1 (p < 0.05). This was related to the highest breaking force (Fig. 1A) . These results revealed that GL showed gel strengthening effect on surimi gel from bigeye snapper by acting as ller or binder in surimi gel network. Ca 2+ is able to link to the zones, thus increasing the network structure via the formation of bridges between both biopolymers, resulting in the increases in both breaking force and hardness. The increases in hardness of surimi gel without and with GL were observed as the concentrations of CaCl 2 increased. The results indicated the role of endogenous TGase in cross-linking of proteins via the formation of 3-(g-glutamyl) lysine linkages and protein-gellan conjugates. Similar results were observed for gumminess and chewiness. Both gumminess and chewiness of surimi gel increased noticeably when added with GL and CaCl 2 in a dose dependent manner (p < 0.05). There were no differences in springiness (p > 0.05), except for gel containing 6% GL and CaCl 2 (25-75 mmol kg À1 ), where the springiness was decreased when the concentrations of CaCl 2 increased (p < 0.05). Cohesiveness of surimi gels slightly decreased when GL was added. However, there was no difference in cohesiveness between surimi gel containing 2, 4 and 6% GL, regardless of CaCl 2 levels (p > 0.05). Increasing CaCl 2 concentration resulted in the decreases in cohesiveness of surimi gel containing 6% GL (p < 0.05). This was in accordance with the lowed deformation (Fig. 1B) . In the presence of cations, the gellan more likely becomes very rigid or brittle, associated with the loss in elasticity. 36 In general, the addition of hydrocolloids into surimi, especially in the presence of cation, has been proposed to improve the textural properties of gel. 37 The result suggested the ller or binder effect of GL via electrostatic interaction, which was triggered by calcium ion. Addition of GL could therefore play an essential role in textural properties of surimi gel from bigeye snapper.
3.1.3 Expressible moisture content. Expressible moisture content of gel from bigeye snapper surimi added with GL and CaCl 2 at different levels is shown in Table 2 . For surimi gel without CaCl 2 addition, the expressible moisture content of surimi gel decreased when the levels of GL increased (p < 0.05), suggesting the increased water holding capacity. Decrease in expressible moisture content of gel containing CaCl 2 was in agreement with the increase in breaking force (Fig. 1A) . It has been known that the addition of divalent cation into surimi enhanced the cross-linking of proteins in the ordered fashion, resulting in the formation of stronger and ne network with greater water holding capacity of gels. 38 The highest expressible moisture content was found in the control gel (without GL and CaCl 2 ) (3.57%) (p < 0.05).
Generally, the expressible moisture content is indicative for the water holding capacity of gel. 39 Lower expressible moisture content of the gels suggests that more water was bound or retained in gel network. 40 Normally, gums or hydrocolloids have been used in restructured products for improving the water holding capacity. 37 The result suggested that GL could induce the formation of stronger network, in which more water could be held in the gel network. Moreover, GL might absorb water during the heating process via charged domains. Nevertheless, the increasing CaCl 2 concentrations caused an increase in expressible moisture content of gels containing 2, 4 and 6% GL (p < 0.05). This might be caused by the interaction between GL and myobrillar proteins, especially in the presence of CaCl 2 via Ca 2+ -bridges. As a consequence, more compact structure had less space for water entrapment. Additionally, free charged residues became less, resulting in the decreased number of sites for water binding. Therefore, GL and CaCl 2 played an important role in water holding capacity of surimi gels from bigeye snapper.
3.1.4 Whiteness. Whiteness of gels from bigeye snapper surimi as affected by GL at different levels and CaCl 2 at various concentrations is shown in Table 2 . Surimi gel without GL had the lowest whiteness (78.35), compared with others (p < 0.05). Both GL and CaCl 2 increased whiteness of surimi gels in a dose dependent manner (p < 0.05). In general, whiteness is used as one of the quality indices for surimi quality. 41 The color characteristics of gels from sh muscle protein are largely dependent on the types and amounts of additives used.
42 GL gel itself is opaque in appearance (data not shown). Light scattering effect of GL might contribute to the increased whiteness of surimi gels, especially when the higher level of GL was incorporated. Without GL addition, CaCl 2 might form complex with some anion of muscle proteins. The formation of insoluble particles plausibly contributed to the light scattering in resulting gels. 43 With the addition of GL, incorporation of CaCl 2 at higher levels could increase whiteness of resulting gel. The same phenomenon was found in gelatin/gellan mixed system as reported by Lau et al. (2000) . 36 Gelatin gel became more dull/ opaque, particularly when CaCl 2 was added. Furthermore, the increase in whiteness of surimi gel added with GL, especially in combination with CaCl 2 at higher levels, was in accordance with the increased expressible moisture content. Free water or released water could cause light scattering or reection on the surface of gel. This was associated with the increased whiteness. Thus, the use of GL in combination with CaCl 2 is a potential approach for increasing gel strength and exhibited the positive effect on whiteness of resulting gel.
3.1.5 Protein patterns. Protein patterns of surimi gels without and with the addition of GL and CaCl 2 at various levels are depicted in Fig. 2 . Surimi paste contained myosin heavy chain (MHC) and actin as the major proteins, respectively. In the control gel (without GL and CaCl 2 ), MHC band intensity was markedly decreased, compared to that of surimi paste. Crosslinking of proteins mediated by indigenous TGase played a major role in the disappearance of MHC band. 31 For surimi gel without GL addition, the band intensity of MHC was decreased to higher extent when CaCl 2 at higher levels was incorporated. Bigeye snapper surimi was reported to have the pronounced setting phenomenon. 44 Nevertheless, degradation also occurred during gelation. When GL at all levels was added, no MHC band was observed. This result suggested that inter-and intramolecular cross-linking of MHC via non-disulde covalent bonds still took place without interfering effect by GL. GL most likely interacted with muscle proteins by weak bonds, such as ionic bonds, hydrogen bonds and hydrophobic interactions, which could be destroyed by SDS used for solubilization. Therefore, the addition of GL had no effect on setting mediated by endogenous TGase, in which isopeptides could be formed. Formation of 3-(g-glutamyl)lysine isopeptide is induced by TGase. 45 When CaCl 2 was incorporated, no MHC band was found in all gels, regardless of GL levels. It was noted that no changes in actin and tropomyosin band intensity were noticeable for all samples, irrespective of amounts of GL and CaCl 2 used. Thus, actin was not served as the preferable substrate for TGase. 46 In addition, actin was resistant to proteolysis. 25 The result suggested that GL had no negative effect on surimi protein cross-linking, while CaCl 2 could promote the polymerization of MHC.
Sensory property of surimi gel as affected by gellan and CaCl 2 at the selected concentration
CaCl 2 at higher concentrations yielded the gel with higher gel strength. CaCl 2 at 75 mmol kg À1 was selected to incorporate into surimi gel containing GL at various levels. Addition of GL at higher levels increased the appearance likeness score of gel (p < 0.05) ( Table 3 ). The presence of CaCl 2 also caused the increase in appearance likeness score of gel, especially those containing GL at higher levels (p < 0.05). Surimi gel containing 6% GL, incorporated with CaCl 2 , exhibited the highest appearance likeness score (p < 0.05). Regardless of CaCl 2 added, the addition of GL increased rmness likeness score of resulting gel (p < 0.05). When CaCl 2 was incorporated, the rmness likeness score of gel containing 4% GL was increased. Nevertheless, the decrease in rmness likeness score of gel containing 6% GL was observed (p < 0.05). The incorporation of GL and CaCl 2 , especially at higher level, into surimi led to the rigid and brittle texture, which was not desirable for consumers. Petcharat and Benjakul (2017) also reported that sh gelatin gel containing GL at high level (>5% GL) had the decrease in overall likeness score of resulting gel when CaCl 2 was incorporated.
17 Addition of GL and CaCl 2 into surimi had no impact on springiness, color and odor likeness score of resulting gels (p > 0.05), except for gel added with 6% GL and CaCl 2 , which had the decreased springiness likeness score (p < 0.05). Taste likeness score of surimi gel was generally decreased as the levels of GL were increased (p < 0.05). At the same level of GL added, the decreased in taste likeness scores was found when CaCl 2 was added (p > 0.05). High amount of CaCl 2 could provide bitter and salty taste. 47 As a result, slightly bitter and salty tastes might reduce taste likeness scores of resulting gel. The lower taste likeness score was found in surimi gel added with GL at higher levels. This probably due to the dilution effect of GL on myo-brillar proteins, especially when GL at higher proportion was present. Surimi contained several amino acids such as glutamic acid or aspartic acid, which are known to provide umami taste.
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For the gel containing GL (without CaCl 2 ), surimi added with 6% GL had the highest overall likeness score. When CaCl 2 was incorporated, the highest overall likeness score was obtained for gel containing 4% GL (p < 0.05). This result suggested that GL at less amount (4%) in combination with CaCl 2 (75 mmol kg À1 ) could improve property and acceptability of bigeye snapper surimi gel. Additionally, gel could maintain the deformability as indicated by the unchanged deformation ( Fig. 1 ) and springiness (Table 3) .
3. Table 4 . For both gels (with and without endogenous TGase), breaking force increased when GL or CaCl 2 were added (p < 0.05). The results reconrmed that the increase in breaking force of surimi gel was owing to electrostatic interaction between the carboxyl groups of GL and the positively charged domains of myobrillar protein which could be enhanced by Ca 2+ added. Thus, the addition of GL and CaCl 2 could be used to reinforce surimi gel from bigeye snapper in the presence and absence of endogenous TGase. At the same level of GL and CaCl 2 incorporated, gels containing TGase showed the higher breaking force than those without TGase (p < 0.05). Marked increase in breaking force was found in the presence of endogenous TGase, especially in gel containing 4% GL and 75 mmol CaCl 2 kg À1 (p < 0.05), in which the increase in breaking force by 92.25% was achieved, compared with the control. Furthermore, the addition of GL and CaCl 2 had no effect on deformation of surimi gels in the presence of TGase (p > 0.05) ( Table 4 ). It was noted that the decrease in deformation was observed in surimi gel in the absence of TGase. CaCl 2 addition had no effect on deformation, however GL (4%) lowered the deformation of gel, regardless of CaCl 2 addition. Thus, TGase played an essential role in deformation of surimi gel. In the present study, NH 4 Cl was used to suppress the formation of the 3-(g-glutamyl) lysine isopeptide via generated ammonia during the acyl transfer reaction between g-carboxyamide groups of glutamine residues and primary amines and the excess amount of ammonium ion prevents further progress of the reaction.
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The decrease in deformation of surimi gel containing no TGase when GL was added was more likely due to the dilution effect of GL toward myobrillar proteins in surimi. Therefore, both GL and CaCl 2 were able to improve the textural property of surimi gels in the presence and absence of TGase. 3.3.2 Expressible moisture content. Expressible moisture content of gel from bigeye snapper surimi added with GL and CaCl 2 in the presence and absence of TGase is shown in Table 4 . Addition of GL with and without CaCl 2 into surimi decreased expressible moisture content of the resulting gels, compared to the control (p < 0.05). The decreased expressible moisture content indicated that more favorable physical entrapment of water occurred in the protein matrix. In general, polysaccharides namely starch, carboxymethylcellulose, locust bean gum, xanthan gum, konjac glucomannan, curdlan and sodium alginate could be used to improve protein network and increase water holding capacity of protein gel. 37 Ding et al. (2011) suggested that the addition of CaCl 2 (10 mmol kg À1 ) could improve water holding capacity of suwari and kamaboko gels from yellowcheek carp and grass carp surimi. 22 The incorporation of GL and CaCl 2 thus played an essential role in gel strengthening as evidenced by the highest breaking force of gel containing 4% GL and 75 mmol CaCl 2 kg À1 . However, the expressible moisture content of gel containing 4% GL was lower than that of gel incorporated with both 4% GL and 75 mmol CaCl 2 kg
À1
. More compact structure, having less space for water entrapment, presumably contributed to the lower water holding capacity of gel added with both GL and CaCl 2 . It was noted that all samples containing TGase showed higher water holding capacity than those without TGase (p < 0.05) as indicated by the higher expressible moisture content of the latter. These results revealed that higher endogenous TGase was required for development of myobrillar protein network in conjunction with GL addition, which could hold or entrap water in the gel.
3.3.3 Whiteness. Whiteness of gels from bigeye snapper surimi in the presence and absence of TGase as affected by GL and CaCl 2 is shown in Table 4 . The increases in whiteness were found in surimi gels added with both GL and CaCl 2 , irrespective of endogenous TGase (p < 0.05). The increase in whiteness of surimi gels containing both GL and CaCl 2 was more likely due to light scattering effect of gellan and released water. Hydrocolloids generally have no signicant effect on color of restructured products. 22 Nevertheless, Hu et al. (2015) found that the addition of curdlan at levels lower than 4% paste could increase the whiteness of hairtail surimi. 49 Moreover, Zhang et al. (2015) reported that the addition of deacetylated konjac glucomannan into Alaska pollock surimi, subjected to a high temperature (120 C) treatment, increased the whiteness of surimi gels. 50 When both GL and CaCl 2 were added, surimi gels had higher whiteness than those containing GL or CaCl 2 alone (p < 0.05). Benjakul et al. (2010) found that the addition of whey protein concentrate in combination with CaCl 2 (50 mmol kg À1 )
into surimi from goatsh (Mulloidichthys martinicus) resulted in the increased whiteness of both kamaboko and modori gels.
51
In the presence of TGase, the addition of both GL and CaCl 2 increased whiteness of gels more slightly than those without TGase (p < 0.05). Cross-links mediated by TGase was another factor governing the whiteness of surimi gel, regardless of additive used. Thus, the use of GL in combination with CaCl 2 had the positive effect on whiteness of resulting gel, especially in the presence of TGase. with 4% GL and CaCl 2 , followed by the paste containing 4% GL and paste added with CaCl 2 , respectively. The result reconrmed that GL acted as an active ller, which could increase the elastic modulus via ionic interaction. Furthermore, the addition of CaCl 2 could link the network structure in the gel matrix via salt bridge. 3.3.5 Protein patterns. Protein patterns of surimi gels without and with the addition of GL and CaCl 2 alone or in combination in the presence and absence of TGase are shown in Fig. 3B . MHC and actin were found as the major proteins in surimi paste. In the presence of TGase, MHC of control gels completely disappeared. The disappearance of MHC band was mostly mediated by endogenous TGase. 25 When GL and/or CaCl 2 were added, no differences in protein patterns were observed. This result reconrmed that both GL and CaCl 2 had no effect on inter-and intra-molecular cross-linking of MHC via non-disulde covalent bonds mediated by endogenous TGase. Surimi used in the presence study might contain the sufficient indigenous Ca 2+ , which was enough for activation of TGase. In the absence of TGase, MHC was more retained when compared with that found in surimi gel containing TGase. Nevertheless, no difference in MHC band intensity of gel as affected by GL and/or CaCl 2 incorporated was observed. The result reected the role of endogenous TGase in cross-linking of myobrillar proteins, particularly MHC during setting of surimi. The addition of NH 4 Cl could inhibit TGase reaction in surimi. Moreover, actin and tropomyosin band density in all samples remained unchanged, regardless of TGase. It could be inferred that GL and CaCl 2 at the level tested had no effect on polymerization of myosin heavy chain both in the presence and absence of TGase.
3.3.6 Microstructures. Microstructure of the selected surimi gels from bigeye snapper including (1) control gel (without GL and CaCl 2 ), (2) gel added with 75 mmol CaCl 2 kg À1 , (3) gel added with 4% GL and (4) gel added with 4% GL in combination with 75 mmol CaCl 2 kg À1 in the presence and absence of TGase were visualized by SEM as shown in Fig. 4 . In the absence of TGase, a coarser network with the larger void or cavities was found in the control gel (without GL or CaCl 2 addition). This was in accordance with the lowest breaking force and water holding capacity (Table 4 ). Finer and denser structure was observed in gel added with GL or CaCl 2 . Nevertheless, the highest compactness with the highest interconnectivity of proteins was observed in gel containing both 4% GL and 75 mmol CaCl 2 kg À1 . These observations suggested that GL might distribute uniformly as the active ller in the ordered network and was able to interact with myobrillar proteins of surimi via ionic interaction. The results also conrmed the presumption that Ca 2+ could promote interconnection of protein-protein and protein-gellan via salt bridge. The control gels in the absence of TGase showed more discontinuous network with larger grooves and holes, compared with the control gel containing TGase. Similar trend of microstructure was also found in surimi gel without TGase. Nevertheless, surimi gels in the presence of TGase had ner and denser structure than those without TGase when both GL and CaCl 2 was added. This indicated the essential role of endogenous TGase in gel strengthening of surimi. Therefore, GL and CaCl 2 at appropriate levels could strengthen gel network of surimi in the presence and absence of TGase as evidenced by ner and more ordered network with increased compactness.
Conclusions
Gel properties of surimi from bigeye snapper were governed by level of GL and CaCl 2 . The addition of GL and CaCl 2 increased breaking force, hardness and whiteness of surimi gel in a dose dependent manner. Water holding capacity of resulting gels increased when GL and CaCl 2 were added. GL and CaCl 2 at all levels had no effect on polymerization of MHC. Overall likeness score of resulting gels was increased as the level of GL was increased up to 4%, especially in the presence of 75 mmol CaCl 2 kg À1 . In general, gels with TGase exhibited the higher gel strength and water holding capacity than those without TGase. Both GL and CaCl 2 could improve gel property, namely breaking force, water holding capacity and whiteness of surimi gels without TGase. The addition of both GL and CaCl 2 could enhance viscoelastic property of surimi paste during heating as indicated by the increased G 0 .
Finer and denser network was observed in surimi gel containing both GL and CaCl 2 in the presence of TGase, compared to those without TGase. Therefore, GL at 4% in combination with 75 mmol CaCl 2 kg À1 could improve gel strength of bigeye snapper surimi with low or high setting phenomenon regulated by endogenous TGase.
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